1. Introduction {#sec1}
===============

Human genome contains all the genetic information in our body in the form of DNA. When the complete sequence of all DNA was worked out, only small portion of it are genes, which give the human species traits. The vast majority of human DNA was considered as "junk DNA." That is, they have no functional purpose. However, some of these "junk" DNAs, called microRNAs (miRNAs), have been shown to be essential for a variety of vital functions, including reprogramming of somatic cells to pluripotent stem cells as well as progression and metastasis of cancer cells. In other words, the miRNA is a small single-stranded non-coding RNA molecule (sRNA or ncRNA) (containing about 19--25 nucleotides) that functions in preventing the formation of target proteins through translational repression. RNAs shorter than 30 nucleotides (nt) and directly affects RNA processing and degradation is considered sRNA. ncRNA is transcribed from a DNA sequence that is also considered a RNA gene; these types of RNA are transcribed directly by type III RNA polymerases or processed indirectly from a large transcript of type II RNA polymerases. Examples of ncRNAs include transfer RNA, nucleolar RNA, nuclear RNA, phage RNA and viral RNA [@bib1]. A type of small, single-stranded RNA that possesses the reverse complement of the mRNA transcript of another protein coding gene is called microRNA (miRNA).

2. Main text {#sec2}
============

2.1. Small interfering RNAs (siRNAs), microRNAs (miRNAs), and intronic miRNAs {#sec2.1}
-----------------------------------------------------------------------------

Small interfering RNAs (siRNAs) are small double-stranded RNA (dsRNA) mostly observed in triggering post-transcriptional gene silencing in plants, fungi and low-end animals [@bib2], while miRNAs are single-stranded RNAs that are approximately 18- to 25-nucleotides each and are transcribed from DNA to suppress protein-coding gene expression in high-end plants and animals [@bib3]. Consisting of the reverse complement of the mRNA transcripts of its targeted genes, miRNAs function to either degrade target mRNAs or inhibit protein synthesis of the target protein-coding genes. Long RNA transcripts consisting of at least a hairpin-like miRNA precursor (pre-miRNA) make up the primary transcripts (pri-miRNA) of the miRNA genes. Assisted by microprocessor and exported from the nucleus by Exportin-5, ribonuclease Drosha processes pri-miRNAs in the nucleus to pre-miRNAs. Dicer, the cytoplasmic RNase III enzyme, removes the miRNA from the pre-miRNA stem region. Based on the structures of the double-stranded RNA (dsRNA) and the hairpin resemblance, the miRNA and siRNAs are closely related.

Gene suppression by miRNA is dependent on the complementarity between one or multiple target sequences in the gene transcript (mRNA) and the miRNA. The binding of miRNA to mRNA forms dsRNA with the aid of RNA-induced silencing complex (RISC), causing the gene transcripts to degrade through processes such as RNA interference (RNAi) \[[@bib3], [@bib4]\]. In other cases, miRNAs form an RISC to block protein translation and therefore mediates posttranscriptional regulation without degrading mRNAs. A majority of miRNAs can target more than one mRNA and more than one miRNA can target the same mRNA. Through simultaneous cross-interactions between multiple miRNAs and mRNAs, miRNAs often exhibit many functions in perfecting the protein-coding gene expression and fine-tuning the process of gene regulation.

The underlying mechanisms of siRNA- and miRNA-mediated gene silencing, called RNA interference (RNAi), demonstrate the cellular ability to simultaneously suppress multiple genes containing homologous sequences, including transgenes and endogenous genes, and sometimes may further involve RNA-mediated DNA methylation [@bib2]. RNAi, in other words, occurs when small regulatory RNAs bind with a complementary sequence of the target gene transcripts to form dsRNA regions, so as to interfere with the gene expression. Dicer, in the cytoplasm, digests the dsRNAs into siRNAs. Dicer, consisting of an amino-terminal helicase and PAZ domain and two RNA III and one dsRNA-binding motifs, binds to the dsRNA, excising it into siRNAs which find other completely complementary single-stranded RNA molecules. RNAs complementary to the siRNAs are then destroyed by RNases. Also known as transgene quelling or PTGS, post-transcriptional gene silencing, the introduction of dsRNA sequences containing high complementarity to the target gene transcripts can further stimulate RNA-dependent RNA polymerase activities to amplify the resulting siRNAs and so as to enhance the targeted gene silencing. Yet, in mammals dsRNAs longer than 30 nucleotides (nt) can activate an antiviral response, leading to nonspecific degradation of RNA transcripts, the overall shutdown of host cell protein synthesis, and the production of interferon. Because of this phenomenon, gene-specific RNAi activity is not produced by the long dsRNA in mammalian cells. Similar or same phenomena in the different biological systems of other species have different names.

The miRNA produced from intronic RNA fragments, called intronic miRNAs, is significantly different from intergenic miRNAs. Intronic miRNAs require Pol-II and spliceosomal components for its biogenesis while intergenic miRNAs do not. Intronic miRNAs exhibit the following four characteristics: i) they and their encoding gene transcripts must share the same promoter, ii) their location must be in the non-protein-coding region of a primary gene transcript, iii) they and the gene transcripts are coexpressed, and iv) in order to form mature miRNAs, the nuclear RNA splicing and excision processes must remove them from the transcripts of their coding genes. Many of the miRNAs that are to be discussed later are oriented oppositely to the protein-coding gene transcript meaning that they are not intronic miRNAs given that they don\'t share a promoter with the gene; with these miRNAs, their promoters are situated in the antisense orientation to the gene \[[@bib5], [@bib6], [@bib7]\].

In eukaryotes, intronic and other ncRNAs have possibly evolved to give a second level gene expression. Group II introns in bacteria and organellar genomes consist of both retrotransposable elements, which make this intron mobile, and catalytic RNAs. These introns, due to their mobility, are reversely spliced directly into the DNA target site and then reverse transcribed by the intron encoded gene. To minimize the damage to the host, the introns are spliced out of the gene transcript after it has been inserted into the DNA. Group II introns, eukaryotic spliceosomal introns, and non-LTR-retrotransposons have a possible evolutionary relationship. Some of these new introns can stem from other introns in the same gene.

Transposons are ancient DNAs that exist in the common ancestor genome, enter the host many times, like retroviruses, for selfish reasons [@bib8]. A genome can be destroyed if there is too much transposon activity; to prevent this destruction, certain organisms form a mechanism to halt or silence transposon and virus activities. As an example, retroviruses and transposons incorporated in a bacteria\'s genome are removed when the bacteria frequently removes its genes. In eukaryotes, having miRNAs is a possible way of reducing transposon activity. Like the variety of antibody production, miRNA could be involved in virus resistance. Class II transposons have the function to cut and paste; transposase, an enzyme, binds to transposons at the ends, which are the same, and to the target site on the genome, cut to leave sticky ends. These two, the ends and the target site, are linked by ligases. By leaving multiple copies of themselves, transposons increase the size of the genome. Transposons, for the genome to modulate gene regulation through miRNAs, are advantageous. The insertion of transposons to the introns of the protein-coding gene could allow for the transposons themselves, their secondary structures, or a part of them to become intronic miRNAs.

2.2. Other non-coding RNAs {#sec2.2}
--------------------------

Other types of non-coding RNAs also play an important role in gene regulation. For instance, PIWI-interacting RNAs (piRNA) control transposon activity [@bib9]. Predominantly expressed in the germlines or different species and a part of the Argonaute family of proteins, they can form RNA-induced silencing complexes by binding to the miRNA or siRNA [@bib9]. A subcategory of piRNAs, called repeated-associated siRNA (rasiRNA), also interacts with the PIWI-Argonaute protein family. Longer than all other ncRNAs, rasiRNA doesn\'t require the Dicer enzyme and instead utilizes the Argonaute proteins to manage the cleavage process.

RasiRNAs are essential in regulating cell structure and transcriptional silencing. Also, there are trans-acting siRNAs (tasiRNA), a type of siRNAs in plants, that are conserved miRNA pathways in tasiRNA production in both monocot and dicot plants [@bib10]. The signaling pathways of tasiRNAs are thought to be comparable to other siRNAs and the function of tasiRNA is like other siRNA in the RNAi mechanism. Small activating RNAs (saRNA) prompt epigenetic changes on the target promoter, altering the gene expression [@bib11]. Long noncoding RNAs (lncRNAs) are longer than 200 nt long that act at the interface of chromatin-modifying machinery and the genome [@bib12]. In addition, some foreign RNAs, such as phage and viral RNAs, are 30 ribonucleotides long, rendering it a form of small RNA, functioning as a priming initiator for the bacteriophage F1 DNA replication.

2.3. Biogenesis of miRNAs {#sec2.3}
-------------------------

Distributed throughout the entire genome, miRNA genes can be localized in intergenic locations [@bib13] or intronic and exonic regions of the gene. In vertebrates, the biogenesis of miRNA consists of five steps. First, the transcription of miRNAs from DNA facilitated by Type-II RNA polymerases \[[@bib14], [@bib15]\] into pre-miRNAs. Second, the pri-miRNAs are processed by the microprocessor complex which comprised of Drosha, DGCR8, and/or spliceosomal components. DGCR8 function to recognize the pri-miRNA while Drosha possesses the endonucleolytic function conferred by the RNase III domines. The structure of pre-miRNAs is comprised of a special hairpin secondary structure that holds area of imperfectly paired dsRNA, which are cleaved to one or multiple miRNAs. This step relies on the origin of the pre-miRNA, located in either an exon or an intron \[[@bib3], [@bib15]\]. Since the base of the stem-loop hairpin structure is identified by the Drosha microprocessor complex, it gets cleaved and released in order to form miRNA precursors or pre-miRNAs, 70--90 nt, in the nucleus. Third, the pre-miRNAis exported out of the nucleus by Ran-GTP and Exportin-5 \[[@bib4], [@bib16]\]. Fourth, the pre-miRNA is further cleaved by RNase III enzyme Dicer and TRBP or TARBP2, a cofactor transactivation-responsive RNA-binding protein in the cytoplasm to form a miRNA duplex, (about 22 nt long). Within the two strands, one is the miRNA, the leading or guide strand, and the other is known as the miRNA\* or the passenger strand, specifically through base pairing of the 3′ UTR and the targeted mRNA based on a partial complementarity between miRNA and the target mRNA, the mature miRNA blocks mRNA translation. The guide strand contains the weakest binding and a U-bias at the 5′-end and an excess of purines. The strand with perfect complementarity between the target mRNA and the miRNA, 5′-end with a C-bias, and an excess of pyrimidines is the passenger strand that gets degraded [@bib17]. Lastly, the RISC is incorporated into a RNP, which executes the RNAi-related gene silencing \[[@bib18], [@bib19]\], RNP assimilates the mature miRNA. Certain genes are regulated by the autoregulatory negative feedback from the miRNAs \[[@bib20], [@bib21]\]. There are alternative pathways for miRNA biogenesis in animals which are Drosha/DGCR8 independent but Dicer dependent and vice versa.

The intronic is a new class of miRNA derived from the processing of gene introns, which requires type-II RNA polymerases (Pol-II) and spliceosomal components for their biogenesis. For example, the miR-302 family, located in the gene La-related protein 7 (LARP7), was initially identified to be specifically expressed in undifferentiated human embryonic stem cells (hESCs). The biogenesis of the intronic miRNA is however slightly more complicated than that of intergenic and exonic miRNAs, as shown in [Fig. 1](#fig1){ref-type="fig"}. Intronic miRNA maturation requires the involvement of intracellular RNA splicing machineries \[[@bib5], [@bib15]\]. Intronic miRNA biogenesis consists of six major steps: (i) Transcription of primary miRNA precursors (pri-miRNA, 300--1000 nt) encoded in the intron region of a gene by Type-II RNA polymerases, (ii) Splicing of the long pri-miRNAs out of the encoding gene transcripts by intracellular spliceosomes, (iii) Further processing of the pri-miRNAs by Drosha-like endoribonucleases and DGCR8 in the nucleus to form 60--90nt long single hairpin-like miRNA precursors (pre-miRNAs), (iv) Exporting of pre-miRNAs out of nucleus by Ran-GTP and Exportin-5, (v) Processing of pre-miRNAs into 21--23 nt long mature intronic miRNAs by Dicer, and (vi) Formation of RISC in combination with other proteins to induce gene silencing.Fig. 1The biogenesis of intronic miRNA miR-302. Encoded in the intronic region of the *La Ribonucleoprotein domain family member 7* gene (*LARP7* or *PIP7S*), miR-302 is a native intronic miRNA. First, transcribed within the intron of *LARP7* gene transcripts by type-II RNA polymerases, and then cellular spliceosomes splice the intron out of *LARP7* gene transcripts to form primary miRNA precursors, pri-miRNAs (pri-miR-302). After that, Drosha-like endoribonucleases process the pri-miRNAs into miRNA precursors (pre-miRNAs) with a single hairpin like structure. Then, Exportin-5 exports the pre-miRNAs out of the nucleus into the cytoplasm allowing Dicer-like RnaseIII endoribonucleases to further process and form 21--23nt long mature miRNAs, such as miR-302s. Lastly, following assembly into RNA-induced silencing complexes (RISC) with Argonaute proteins, the mature miR-302s carry out their specific gene silencing functions.Fig. 1

Of the intronic miRNA, 5′UTR and 3′ UTR can be assumed as an intron extension, but their mRNA translation processing is different from the process of the intron found between the two protein-coding exons, or, the in-frame intron. Before the discovery of the intronic miRNAs, in-frame introns were thought to be a large genetic wasteland in gene transcripts. Intronic miRNAs, excised through splicing, linearized from lariat debranching, and resected by nucleases, and other pre-miRNA-like hairpins, can be generated through Drosha and DGCR8-independent pathways. Ago1-4 incorporates both non-canonical miRNAs and canonical miRNAs.

2.4. Assembly of RISC {#sec2.4}
---------------------

RNA-induced silencing complex (RISC) contains many associated proteins, which contain RNA so they are ribonucleoproteins. These ribonucleoproteins combine an RNA and an RNA-binding protein, incorporating one strand of a single-stranded RNA (ssRNA) fragment of miRNA, or double-stranded of small interfering RNA (siRNA). The single strand acts as the template for RISC to recognize the transcript of the complementary messenger RNA. Once identified, Argonautes choose the strand with the less stable 5′ end to integrate into RISC and then activate and cleave the mRNA, these actions facilitated by RNase III Dicer, culminating RNA interference, RNAi, and gene silencing [@bib22].

Auxiliary factors and ATP hydrolysis allow for small RNAs to be loaded onto Argonaute proteins. An essential structure to load dsRNA fragments into RISC, RISC-loading complex (RLC), consists of TRBP (the HIV trans-activation response RNA binding protein), Dicer, and Argonaute 2 (Ago2) to assist in the targeting of mRNA. Dicer, a RNase III endonuclease, generates the dsRNA fragments that direct RNAi. Required for the recruitment of Ago2 to the siRNA bound by Dicer, TRBP holds three double-stranded RNA-binding domains. Ago2, an RNase, acts as the catalytic center for RISC. Argonaute proteins, into which the duplex of miRNA is loaded, cling to the mature miRNA and release the star strand. Ago proteins correlate with the cofactors of the GW182/TNRC6 family target transcripts and mediate their destabilization and/or translational suppression [@bib23] with the guide of miRNAs. miRNA and Ago complexes recognize targets by complements to their 5′ ends, preferably nts 2--8 \[[@bib24], [@bib25], [@bib26], [@bib27]\]. Prolyl-hydroxylation, ubiquitination, phosphorylation, and poly-ADP-ribosylation, and other posttranslational modifications of Argonaute proteins modifies miRNA activity at large and specific levels.

2.5. Other molecules in RISC assembly {#sec2.5}
-------------------------------------

The biogenesis and mechanisms of miRNAs are modified by many different factors. Hsc70/Hsp90, heat-shock organizing protein chaperone machinery [@bib28], facilitates the many steps of the RISC assembly. GW182 family proteins, with a presence of glycine and tryptophan repeats and its molecular weight included in its name, cooperates with the Argonaute proteins and are essential for miRNA-mediated gene silencing in animal cells [@bib29]. Similar to TRBP and the junction among Dicer and TRBP, PACT, a kinase R-activating protein, creates Dicer-PACT complexes, contributing to regulating the proper miRNA length and strand selection in a subset of mammalian miRNAs [@bib30]. RNA-specific adenosine deaminase 1, or ADARI, is involved in A-to-I RNA editing where the adenosine in double-stranded RNA is hydrolytically deaminated into inosine. With this function, ADARI has the ability to alter miRNAs and influence RNA stability, splicing, and miRNA-target interactions [@bib31]. In contrast, certain miRNAs are able to regulate ADARI. A reciprocal feedback loop with miRNA is caused by the overexpression of ADARI [@bib32]. PARN, or poly(A) specific ribonuclease, holds an important role in miRNA-dependent control of mRNA decay and regulation of p53 expression, meaning the facilitation of the biogenesis of many important noncoding RNAs \[[@bib33], [@bib34]\]. The N-terminal helicase, a dynamically evolving Dicer domain, can be dimerized by itself and mediated by ATPase activity as a mechanism for RNA length discrimination by a Dicer family protein, which results in the recognition of miRNA targets \[[@bib35], [@bib36]\]. A novel component of the Ago2-centered RISCs, eIFIA also enhances Ago2-dependent RNAi and miRNA biogenesis [@bib37].

2.6. Silencing of gene expression {#sec2.6}
---------------------------------

RISC, guided by miRNAs, can explicitly recognize mRNAs. Once RISC binds to target mRNAs, a high degree of miRNA-mRNA complementarity of approximately 6--8 nt long forms, producing translational repression and mRNA cleavage [@bib38]. Central mismatches prevent degradation and facilitate translational repression by the possible mechanisms of RISCs bind to target mRNAs and represses initiation as the cap recognition stage, or at the 60s-ribosomal recruitment stage. RISC can also prevent mRNA to circularize or RISC attachment to target mRNAs, facilitating premature separation from ribosomes. As a result, translation at the post-initiation stage is repressed [@bib39]. Certain miRNAs can bind as ligands to receptors of the Toll-like receptor, TLR, acting as paracrine agonists of TLRs [@bib40]. The miRNAs can also selectively activate innate immune effector cells through the TLR1-NF-ҡB signaling pathway [@bib41].

2.7. Circulating miRNAs {#sec2.7}
-----------------------

Previously miRNAs and their precursors were thought to be unstable and easily degradable, but were observed to be highly stable in biological fluids, including the serum, saliva, and urine. Circulating miRNAs are stable due to their association with Ago2 protein, multivesicular body, and incorporation into exosomes, microvesicles, apoptotic bodies, or high-density lipoprotein particles [@bib42]. For a variety of diseases, the presence of blood miRNA at different levels acts as biomarkers can be potentially used for early detection and diagnosis \[[@bib42], [@bib43], [@bib44]\].

Tiny endosomal membrane vesicles, known as exosomes, about 40--150 nm in diameter, are formed from the inward budding of endosomal members of the late endosomal compartment, resulting in intercellular multi-vesicular endosomes, MVEs \[[@bib45], [@bib46]\]. Packed in the MVEs, many exosomes are fused with the plasma membrane, facilitating their release into the extracellular space. Circulating miRNAs either are bound to serum, proteins, or lipoproteins or to be encased in extracellular vesicles, i.e. exosomes, microvesicles, or apoptotic bodies \[[@bib47], [@bib48]\].

Despite the obvious potential as biomarkers, there are problems for using circulating miRNAs as routine clinical diagnostic tools. There is no consensus on optimal protocols for the standardization of sample collection, data normalization, and analysis has been achieved. The qPCR and microarray, used to measure circulating miRNAs, depends on the design of the miRNA-specific primers or microarray probes. With miRNAs that have similarities, there could be more difficulties analyzing data obtaining from different laboratories. The limited knowledge on positive and negative miRNAs in human serum samples continues to contribute to the inability to compare different studies. The steps to eventually implement circulating miRNAs in the estimation of the clinical fate of patients with various diseases begins with the validation of miRNA profiles through specific and selective methodologies to achieve accurate measurements, continuing to collecting overall numbers of a broad spectrum of different miRNAs [@bib49].

2.8. Direct delivery of miRNA in vivo {#sec2.8}
-------------------------------------

The use of circulating miRNAs may improve the delivery of miRNAs *in vivo*. Given the high stability under storage and handling conditions of miRNAs and their presence in urine, blood, and other bodily fluids, it is possible that miRNA mimics can be delivered directly *in vivo* to treat/manage diseases.

Conventional delivery systems for miRNAs include liposomal transfection, liposomes modified by adding long carbon chains and/or positively charged chemical groups such as polyethylene glycol (PEG), glycerol esters, glycerol monooleate, glycolipids, aminated/amide polys, and sugar-encapsulation. These reagents typically fuse with the phospholipid bilayer of cell membranes through passive diffusion. However, there are two major difficulties: high degradation and low penetration of miRNAs. Liposomes, small spherical sacs of phospholipid molecules encompassing a water molecule with the function of carrying miRNAs into the tissues, are normally composed of phosphatidycholine-enriched phospholipid and can also contain various lipid chains with surfactant properties like egg phosphatidylethanolamine. Polyethylenimines, PEIs (positively charged, linear or branched polymers), form nanoscale complexes with small RNAs, resulting in certain RNA protection, cellular delivery, and intracellular release.

Given that the miR-302 family, as intronic and ES-specific miRNAs that were well-studied to date, was demonstrated to play an important role in diverse biological processes, including the pluripotency of human embryonic stem cells (hESCs), self-renewal and reprogramming, we selected and focused on it to illustrate the delivery of miRNAs. We are aware that there are other types of ES-specific miRNAs \[[@bib50], [@bib51], [@bib52]\]. The reasons we selected the miR-302 family was due to the fact this was the most well-studied one on iPSCs and anti-tumor activities. In addition, the authors and their co-workers have more experience on miR-302 than other types of ES-specific miRNAs. Liposomes have been frequently used *in vitro* for miRNAs′ delivery, including miR-302 [@bib53]. PEI mixed with miR-302 was used for intratumoral injections based on the jetPEI Delivery Reagent (Polyplus-transfection, Inc.) [@bib54]. Both delivery methods resulted in efficient silencing of target genes. Neutral Lipid Emulsion, NLE, has been successfully delivered miR-302-367 via tail vein injections [@bib55]. High-fat diet-induced neointima formation and atherosclerotic lesions can be attenuated by intravenous delivery of miR-let-7g mediated through the downregulation of LOX-1 [@bib56]. These findings showed that miRNA mimics delivery *in vivo* is effective. It is possible that miRNA precursors can also be delivered in vivo.

Glycylglycerins are a type of novel sugar alcohols that are tightly bound with negatively charged miR-302 precursor through electro-affinity, forming sugar-like coats as microcapsules [@bib57]. Mixed with miR-302, glycylglycerins protect the miRNA from degradation, even at room temperature [@bib57]. Protecting the siR-302 from degradation by the glycylglycerins which coated the siRNA also silenced the target genes of miR-302. An emulsion vehicle containing only injectable pharmaceutical ingredients such as excipients that have been used in FDA-approved intravenous injectable drug products or intravenous clinical trial materials, with additional special ingredients has been developed. Consisting of oil droplets less than 200 nm in diameter, the emulsion can be sterilized through a 0.2 μm filter. The mixture of glycylglycerin emulsions with miR-302 or miR-302 precursor was used for glycylglycerin and miR-302/miR-302 precursor delivery. Given that miRNA precursors possibly have longer half-lives than a mature miRNA, miRNA precursors were as effective as mature miRNAs [@bib58], the development of direct delivery of miRNA precursor as drugs for treating and/or managing diseases is feasible. Direct delivery of miRNA precursors *in vivo* can also expedite the assimilation of miRNAs and/or miRNA precursors as drugs.

It is intriguing to notice that miRNAs can also be taken orally. It has been long known that the development of bee queens and workers is due to diet; the former eat royal jelly, a substance secreted by the glands of nurse bees, the latter a combination of pollen and honey called bee bread. The bee bread contains miR-162a that suppresses amTOM, which is a stimulatory gene in caste differentiation. In this way, miR-162a fine-tunes the honeybee caste development [@bib59]. Conceivably, miRNAs and/or miRNA precursors, with proper formulation such as sugar alcohols, glycylglycerins, recently isolated from miR-302-mediated iPSCs that bind with miR-302 precursor via electro-affinity and protect the miRNA from degradation [@bib60], could be developed as drugs for medication to be taken orally in the near future.

2.9. miRNAs and cancer {#sec2.9}
----------------------

Development of products and technologies in the miRNA field has shed light on possible application of miRNAs in cancer. The development and metastasis of cancer is closely associated with cell proliferation, apoptosis, cell migration, cell invasion, and the epithelial-to mesenchymal transition [@bib60]. miRNAs act as tumor suppressors or oncogenes depending on their target genes [@bib61]. As a result, miRNAs regulate the expression of different genes that play important roles in cancer cell growth, apoptosis, cell invasion, migration, and metastasis \[[@bib61], [@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67], [@bib68], [@bib69]\]. Further, miRNA mimics and molecules targeting miRNAs (anti-miRs) are showing hope for the development of therapeutics. A few siRNA and miRNA have been approved for clinical trials against numerous diseases including hepatitis, T cell lymphoma, diabetes and fatty liver diseases, mesothelioma, scleroderma, and multiple solid tumors [@bib70].

Given that a single miRNA frequently targets hundreds of mRNAs and miRNA regulatory pathways, the fact that embryonic stem cell-specific miRNAs, ESC-specific miRNAs, have anti-tumor activities in various cancers is intriguing. The ESC-specific miRNAs, miR-302-367 and miR-371-373, are abundant in embryonic cells but suddenly dropped to undetectable levels when differentiated [@bib71]. Also, ESC-specific miR-302 induced somatic cells or cancer cells to change into tumor-free pluripotent embryonic stem cells \[[@bib54], [@bib72], [@bib73]\]. miR-302 has also been found in different types of cancers, targeting different gene expressions \[[@bib74], [@bib75], [@bib76], [@bib77], [@bib78], [@bib79], [@bib80], [@bib81], [@bib82], [@bib83], [@bib84], [@bib85], [@bib86], [@bib87], [@bib88]\]. Conceivably, miR-302 can be used to silence the expression of several key genes in cell cycle, global demethylation, apoptosis, and DNA repair along with BMI-1, CXCR4, AKT1/2, Runx-1, and EGFR genes simultaneously.

Long noncoding RNAs (lncRNAs) also hold multiple important roles for many different biological processes such as transcriptional regulation, cell growth, and tumorigenesis depending on the gain-of-function and loss-of-function studies. For example, overexpression of H19, HOTAIR, LINC00672, HULC, MALATI, PANDAR, BANCR, SPRY4-1T1, and CASC11 promotes tumor growth which allows lncRNAs to act as biomarkers for diagnosis \[[@bib88], [@bib89], [@bib90], [@bib91], [@bib92], [@bib93], [@bib94]\]. Certain lncRNAs inhibit the activity of miRNAs \[[@bib89], [@bib92], [@bib93]\].

2.10. miRNAs and iPSCs {#sec2.10}
----------------------

The classic reprogramming of somatic cells into iPSCs was shown to be enhanced by miRNAs through ectopic expression of four transcription factors: Oct4, Sox2, Klf4, and cMyc [@bib94]. Without any exogenous factors, the embryonic stem cell-specific or ESC-specific miRNAs \[[@bib95], [@bib96]\] can generate iPS cells more efficiently than the classical 4 transcription factors. In pluripotent stem cells, four miRNA clusters, two from mice, miR-290 and miR-302, and two from humans, miR-371 and miR-302, are highly expressed \[[@bib71], [@bib95], [@bib96], [@bib97]\]. During the early stages of development, ESC-specific miR-302 is expressed at a high level, which then declines \[[@bib95], [@bib96]\]. miR-302, in hESCs and hiPSCs, is the most predominant miRNA; ideal levels of miR-302 are vital for cellular reprogramming [@bib98]. For efficient reprogramming of somatic cells and iPSC generation in the absence of canonical reprogramming factors, miR-302 family members are essential \[[@bib96], [@bib99]\]. Potentially, miR-302 can convert one type of cells to another in vivo.

Certain animals can regenerate large sections of their bodies such as amphibian limb regenerations. The changing of one type of tissue to another has been experimentally demonstrated, including metaplasia, the transformation of B lymphocytes to macrophages [@bib100] or pancreatic exocrine cells to different types of other endocrine cells [@bib101]. The embryonic-like pluripotent stem cells that miR-302 induced using skin cancer cells formed no teratomas when injected in an undifferentiated form into the muscle of SCID mice, implying that they were tumor-free [@bib72]. iPSCs were also induced by miR-302/367 and other ESC-specific miRNAs \[[@bib94], [@bib102]\]. The combinational approach of using mature miRNAs like miR-200c, mi-302, and miR-369 also induced mouse and human iPSCs [@bib53]. The mechanisms underlying miR-302-induced iPSCs are arbitrated by an epigenetic reprogramming similar to the natural zygotic reprogramming process in two- to eight-cell-stage embryos, targeting epigenetic regulator like AOF1/2. MECP1-p66, MECP2, and MBD2 [@bib98]. Cycling D1/D2, CDK2, BMI-1 [@bib103], PTEN [@bib11], and other cell cycle regulators along with TGF-β regulators such as Lefty1/2 [@bib104] and TGFBR2, and BMP inhibitors including DAZAP2, SLAIN1, and TOB2 are targeted genes \[[@bib54], [@bib72], [@bib96], [@bib105], [@bib106], [@bib107]\]. Given that the induction of tumor-free iPSCs by miR-302 requires a concentration of approximately twice of that found in iPSCs or hEPSc as a result of demethylation [@bib98], it is possible that a lower concentration of miR-302 would reprogram somatic cells to adult stem cells or even convert cancer cells to normal cells. The ability to target different types of genes allows miR-302 to suppress tumor growth makes the ESC-specific miRNA ideal for regenerative medicine.

Among Oct4/Sox. Lefty, and miR-302, a reciprocal feedback has been detected \[[@bib96], [@bib108], [@bib109], [@bib110], [@bib111]\]. miR-302 can be continuously produced by miR-302-mediated iPSCs given the miR-302/Oct 4 reciprocal feed-back mechanism \[[@bib16],[@bib112]\], providing a model for making miR-302 precursors. From the discovery that lncRNAs and miR-302 precursors have longer half-lives than mature miRNAs [@bib113], the miR-302 precursor with hairpin structure represent a better candidate for therapeutic applications. miRNAs are more adequate at assimilating into the RNA-induced silencing complex \[[@bib58],[@bib114]\]. Cost-effective miR-302 precursors can be generated for targeted treatment of different diseases if a Pol-II-promoter-driven prokaryotic RNA transcription system can be developed. Another possibility of innovative paradigm in treating and managing tumors in patients can be presented by reprogramming cancer cells to form noncancerous/normal cells.

2.11. miRNAs and heart disease {#sec2.11}
------------------------------

Many miRNAs play an important role in different aspects of the progression of cardiovascular diseases such as cardiac hypertrophy, fibrosis, and myocardial infarction \[[@bib115],[@bib116]\]. Even with full capacity to regenerate the human embryonic heart and the heart of lower vertebrates, adult human hearts have limited capacity to regenerate lost or damaged myocytes after a cardiac insult due to the low proliferative rate of cardiomyocytes [@bib117]. MiRNA, including the miR-15 family, miR-590, and miR-199a [@bib118], are effective in stimulating cardiomyocyte proliferation and promoting mammalian cardiac repair *in vivo* \[[@bib117], [@bib119], [@bib120], [@bib121], [@bib122]\]. Expressed in abundance in the myocardium, cardiac miRNAs miR-1, miR133a, miR-208a/b, and miR-499 play pivotal roles in cardiomyogenesis, heart function, and pathology \[[@bib123],[@bib124]\]. Other miRNAs regulate cardiovascular differentiation of cardiomyocyte progenitor cells and stem cells [@bib125], differentiation of vascular smooth muscle cells, or SMCs \[[@bib126], [@bib127]\], and endothelial cells, or ECs [@bib128]. Even though miR-21 expression increases in a failing myocardium (a characteristic associated with fibrosis) a recent study claimed that miRNA-21 is not essential for pathological cardiac remodeling [@bib129].

The miR302-367 cluster is important for cardiomyocyte proliferation during development and is sufficient to induce cardiomyocyte proliferation and promote cardiac regeneration in the adult [@bib52]. An increase in cardiomyocyte proliferation induced by miR302-367 was mediated partly through the repression of the Hippo signal transduction pathway. Reactivating the cell cycle in cardiomyocytes, post-natal reexpression of miR302-367 and transient systemic application of mature miR302-367 resulted in reduced scar formation after an experimental myocardial infarction. On the other hand, long-term expression of miR302-367 induced cardiomyocyte dedifferentiation and dysfunction, implying that the optimal concentration of the miRNA is essential for cardiomyocyte regeneration and repair, reduction of fibrosis, and restoration of cardiac function after experimental cardiac infraction. Consistent with the finding that optimal levels of miR-302 are critical to the miR-302 induced iPSCs [@bib94], these observations could lead to a single miRNA-mediated cardiomyocyte regeneration and repair for managing and treating failing hearts in adults.

3. Conclusion {#sec3}
=============

In this review, we have discussed various types of miRNAs, the biogenesis and mechanism of miRNAs. Although numerous miRNAs mimics and inhibitors are commercially available, it is impossible to provide an in-depth analysis of the various aspects of explosive miRNA research. Given that the primary advantage of miRNA is their direct and immediate altering the adult transcriptome and proteome, we have presented the circulating miRNAs and effective methods of delivering miRNAs in vivo, which not only provide tools for biomarkers and therapeutics for various diseases but also may lead to a basis for improved translational research and potentially a better clinical application for treating or managing some diseases.
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